The aim of the study was to compare physical fitness and selected anthropometric characteristics between selected (SP) and non-selected (NSP) for the Greek preliminary national team male (n=88) and female (n=73) young handball players. Results revealed that compared to SP players, male SP players presented higher values in ball velocity (p=.001) standing long jump (p=.016), 30-m sprint (p=.034) and estimated VO 2max (p=.018), while female SP players presented higher values only in ball velocity (p=.009) and standing long jump (p=.045). Male SP players were taller (p=.042) and had larger arm span (p=.031). Taking into account the different playing positions, significant differences (in favor of SP) were found between SP and NSP male backs in stature (p=.008), hand spread (p=.042), arm span (p=.019) and ball velocity (p=.005). Female SP revealed higher values in stature (p=.041) and arm span (p=.046). For wings, significant differences were found in ball velocity (p=.007), 30-m sprint (p=.039) and estimated VO 2max (p=.002) between SP and NSP male players (in favor of SP) and in estimated VO 2max (p=.019) between SP and NSP female players. For pivots, significant differences were found only in ball velocity (p=.001) between SP and NSP females (in favor of SP). Finally, no statistically significant differences were found between SP and NSP male and female goalkeepers. Current results suggest that physical and anthropometric characteristics should be included in any testing procedure of junior handball players.
INTRODUCTION
Team handball is a complex intermittent game, which requires players to have well developed aerobic and anaerobic capacities [1] . Motor ability, sprinting, jumping, flexibility and throwing velocity represent physical activities that are considered as important aspects of the game and contribute to the high performance of the team. Successful performance requires explosive power of the legs and arms, sprint velocity and kinesthetic feeling in ball control [2] . On the other hand, for a modern model of a handball player, the pronounced longitudinal dimensions such as stature, arm span, hand spread and length are necessary [2] [3] [4] . Such an anthropometric profile plays a supportive role in helping athletes perform under actual competitive conditions [3] . Longer upper extremities contribute to maximizing throwing velocity [5] and longer hand spread and length influence specific motor abilities such as dribble, passing, catching and ball throwing [4] . Concerning functional and fitness properties, high level male and female adult players develop maximal oxygen uptake between 55-60 ml·kg -1 ·min -1 and 46-55 ml·kg -1 ·min -1 , 30-m sprint between 3.8-4.4 sec and 4.4-5.5 sec and standing long jump between 280-300cm and 165-230cm respectively [6] [7] [8] . At last, the throwing velocity from a standing position for international level handball players ranges between 20-24 m·sec -1 and 16-23 m·sec -1 [8] [9] [10] .
Besides the importance of physical fitness features of young handball players, those are poorly evaluated. From the relevant literature it seems that there is little information available concerning the motor abilities and specific anthropometric characteristics of young handball players. In addition, studies reporting differences in the above characteristics between elite and sub-elite young players are rather rare. In a recent study, significant differences between elite and sub-elite junior male players were found in standing long jump and 20-m sprint, whilst for female players only in standing long jump. In all other motor abilities, a wide overlap has been reported between elite and sub-elite players [11] .
Investigating the profile of young handball players, we can define the characteristics that contribute to a player's selection for the team. In addition, results from motor performance tests will allow trainers to identify players' weaknesses and design training models for improving specific athletes' deficiencies, but also follow up the athlete's improvement during a competitive season. Furthermore, the data of the present study could be added in the international literature and assist in talent identification and development. The aim of the present study was a) to define the anthropometric and physical fitness characteristics of youth male and female handball players and b) to determine the differences in physical fitness and selected anthropometric characteristics between selected (SP) and non-selected (NSP) for the preliminary national team young handball players. We assume that the SP players (male and female) compared to NSP, will surpass them in terms of anthropometric and physical fitness characteristics.
METHODS

Subjects
The total sample consisted of 161 male (n= 88) and female (n=73) young handball players. All players participated at the highest league according to their age category. In addi-tion all players were invited to train in youth pro-selection groups. Both players and their parents were informed about the procedures of the measurements including the risks and benefits and provided their written consent for participating according to the research policy of the University of Athens.
After the measurements, players were selected (SP) into a preliminary national team based on the opinions of 7 national trainers during a small overall tournament. The players, who were not selected into the preliminary national team, formed the non-selected sample (NSP). The data which were measured at this study were not used in the selection process. At this level the position specialization begins, so male and female athletes were also clustered according to their position in the team (backs: 46 male, 31 female, wings: 20 male, 22 female, pivots: 12 male, 9 female and goalkeepers, 10 male, 11 female).
Anthropometric Characteristics
Six variables were measured for each subject: Stature, body mass, body mass index (BMI), arm span, hand spread and length. The specific features were selected because they influence motor abilities (passing, catching and ball throwing) and help athletes' performance [2] [3] [4] [5] . All length characteristics were measured to the nearest 0.1 cm and mass characteristics were measured in kg. All measurements were taken by the same investigator. BMI was computed as the ratio of body mass to the squared standing stature (Kg·m -2 ).
Physical Characteristics
Five variables were recorded for each player. These included aerobic capacity, explosive power of the lower limbs, ball velocity, flexibility and running speed.
Aerobic capacity was expressed as estimated maximal oxygen uptake (VO 2max ) using a 20-m shuttle run test and predicted by a regression equation according to the age and the running speed at the last completed stage [12] .
Standing long jump was used for assessing the explosive power of the lower limbs by instructing players to stand behind a line and jump as far as possible -allowing arms and legs countermovement.
Ball velocity was measured by a radar gun (Sport Electronics, USA). The height of the gun radar was adjusted individually according to the athlete's throwing arm height. The contra-lateral leg of the throwing hand was placed to the front and steadily on the ground (penalty throw).
In order to compute lower back and hamstring flexibility, players were measured with the sit and reach test to the nearest 0.1cm. Players were instructed to sit with straight legs and perform a maximal trunk flexion, aiming to reach as far forward as possible. A 90 o angle was kept for ankles, while value "0" was set at the position of just reaching the toes.
Running speed test included a 30-m sprint from a standing position. Times were recorded using electronic photocells (Brower timing system, USA). Players had to run for a distance of 30m as fast as they could. Except 20-m shuttle run test, all other tests were performed twice from which the best was selected for analysis.
Statistical Analysis
Descriptive data (mean and standard deviation) were computed for all variables. Independent t-tests were applied for testing significant differences between SP and NSP. Furthermore, t-tests between categories (SP-NSP) were also contacted separately for each playing position. Data for males and females were also analyzed separately. Statistical significance was set at 5%.
Results
Physical fitness and anthropometric characteristics of the whole sample are presented in Table 1 . Statistically significant differences were found between SP and NSP male players in stature (p=.042), arm span (p=.031), ball velocity (p=.001), standing long jump (p=.016), 30-m sprint (p=.034) and in the estimated VO 2max (p=.018), and between SP and NSP female players in ball velocity (p=.009) and standing long jump (p=.045) ( Table 2) . No significant differences were found in weight, ratio arm span/stature, hand length and spread, and sit-and-reach flexibility. Considering the different playing positions, significant differences were found between SP and NSP male backs in stature (p=.008), hand spread (p=.042), arm span (p=.019) and ball velocity (p=.005). For the female sample on the other hand in stature (p=.041) and arm span (p=.046) ( Table 3) . For wings, significant differences were found in ball velocity (p=.007), 30-m sprint (p=.039) and estimated VO 2max (p=.002) between SP and NSP male players and in estimated VO 2max (p=.019) between SP and NSP female players ( Table 4) . For pivots, significant differences were found only in ball velocity (p=.001) between SP and NSP females ( Table 5) . Finally, no statistically significant differences were found between SP and NSP male and female goalkeepers ( Table 6 ). 
DISCUSSION
The aim of the present study was to determine the differences in physical fitness and specific anthropometric characteristics between SP and NSP young handball players. The scarcity of literature data concerning anthropometric and physical fitness characteristics of elite young handball players compared to their sub-elite counterparts make the comparison of the current results difficult.
Anthropometric Characteristics
SP and NSP male and female players were taller and heavier and presented wider span than those reported in other studies [11, 13] . Moreover, the results of the present study show that stature and arm span differ significantly between SP and NSP players, this difference being in SP favour. This is more obvious in backs with significantly wider arm span (183.71 ± 6.49cm vs 179.03 ± 6.37cm and 174.19 ± 6.52cm vs 168.99 ± 7.01cm for SP and NSP male and female players respectively. These variables are very important in team handball and form a condition for higher performance [2, 4] . Back players are considerably the tallest in the team and they present larger body segments. They are responsible for organizing the team, they participate in defense aiming to block the opponents' shoots, they are specialized in distant shoots and they are efficient in shooting at the goal over the defensive wall [3] . The ratio arm span/stature for elite athletes should be 1.05-1.06 [4, 14] . Additionally, it has been reported that the players who throw the ball at a higher velocity seem to have a wider arm span related to their body height [4] . In our study, young players exhibited a ratio of 1.03 (males) and 1.01 (females) with no differences between SR and NSR players. Hand length and hand spread showed a non-significant higher level in favor of SP male and female players. These variables are important for ball control during the game and are correlated to throwing velocities [4] . Additionally, throwing velocity gradually increases as the hand length is increasing during the years of growth [4] . Values of the present study for young players are considered satisfactory, as the hand length should equal at least the ball diameter [15] . [3, 16] . Regarding female players, recent studies report a BMI of 23.6 Kg·m -2 for older players of the A1 and A2 national league of Greece [16] .
Although anthropometric characteristics such as body stature, body mass, limb girths and bone circumferences provide as with interesting information, they are related to performance in a complicated way (see Williams & Reilly) [17] . Moreover, the size of that correlation is being modified through different levels of maturation, as anthropometric characteristics are affected by heredity in different ways [18] . As a result, some anthropometric characteristics, such as body stature, can be unreliable predictors of a future performance potential because of their high variability during puberty [19] . Therefore, it is not safe to overestimate the anthropometric characteristics of junior players as predictors of their future anthropometric profile [17] .
Physical Fitness Characteristics
Throwing ball velocity in team handball is a very important component contributing to the success of the game. In the present study, ball velocity was 70.72 ± 7.00 for males and 59.01±6.20 Km·h -1 for females. It is difficult to compare the current results with other studies, as no data exist for ball velocity for similar ages. Mean ball velocity, as measured in this study for the male players, is less than velocity mentioned for children that are one year older (71.7 Km·h -1 ) [20] . Additionally, mean ball velocity as measured for females in the present study is in accordance with the respective report for Greek 20yrs female players (58-61 Km·h -1 ) [21] .
One of the main findings of the present study was the difference in ball velocity between SP and NSP. SP are at a significantly higher level than the NSP regarding ball velocity. This is clearer for backs and wings, who are the players executing most of the shots at the goal. SP back and wings players show higher values by 9% in ball velocity compared to NSP. Differences in ball velocity have also been reported between first division and second division adult male players (86.6 vs 72.3 Km·h -1 ) [22] and between elite and amateur male and female players (85.7 vs 78.5 and 70.2 vs 62.6 Km·h -1 respectively) [8, 9] . The importance of ball velocity during a game, especially during the thrower's effort to beat opponents' defense and goalkeeper, is proven by the fact that all trainers, coaches and athletes are exploring ways to improve that parameter [10] .
Sprinting velocity for short distances is an important element of performance in team handball. Players are required to cover distances between 20-30 m with maximal speed from the phase of attack to the phase of defense after a ball loss, or in order to prevent a fast break. Male and female players of the present study show similar values at the speed test in comparison with Israeli elite and sub-elite players of the same age [11] . Compared to NSP, male SP were significantly faster over 30-m sprint running. However, differences in sprinting ability between NSP and SP were not significant in female players. Female team handball is less popular in Greece and at a significantly lower level than male team handball. As a result, trainer's choices are to be made by a smaller sample compared to males. This probably explains the non-existence of many important differences between female players. This finding proves the importance of sprinting speed in handball. Differences were especially pronounced in wings. Results from female SP have shown that wings are the fastest players of the team while they develop instant fast break covering the largest field space [7] . In these fast break movements, first meters are important as high speed is an advantage to re-bounds and contributes to shoots success percentage after fast break. Researchers who have compared elite to sub-elite players or elite to amateur handball players have reported differences in sprinting ability. Lidor et al. [11] , testing for the selection of male and female young players, report significant differences in 20-m sprint in the final phases of a two years selection schedule. In addition, compared to second division, first division female players were significantly faster over 5-and 15-m sprint running [9] .
Standing long jump is a reliable test for evaluating the ability to achieve high muscular force very rapidly which is of great importance in team handball. SP and NSP male and female players exhibit similar values in standing long jump compared to Israeli elite and sub-elite players of a similar age [11] . The present study reported that standing long jump was significantly lower in NSP male and female players. An interesting finding was that no significant differences were found between SP and NSP when their playing position was taken into account. In any case, SP wings, backs and pivots show a non significant superiority in relation to their NSP peers. Only male NSP goalkeepers were superior in standing long jump compared to their SP peers. Regarding standing long jump, our results are in agreement with a previous study that mentioned mean values of 215 and 190 cm for elite male and female and 204 and 165 for sub-elite male and female respectively [11] .
Maximal oxygen uptake seems to be an important factor which distinguishes young players according to their level. Depending on the level of competition and the position in the team, handball players usually cover a distance between 4.5-6.5 km and require high levels of aerobic capacity to aid recovery after high-intensity bouts of activity [6, 21, 23] . The mean VO 2max for SP was 51.93 and 49.73 ml·kg -1 ·min -1 for males and females respectively, values similar to others reported in the literature [6, 24] . One must record the statistically significant superiority of SP wings, as during the game they are the ones performing most of the fast breaks, covering a highly significant greater total distance [25] . The player during the game should maintain the potential of the optimal output in ball velocity and accuracy in shooting and reported data refer that throwing effectiveness is significantly affected by time, as aiming accuracy gradually decreases [21] . In this stage, it is important to develop an aerobic base in younger players, as this helps to delay the onset of fatigue during training as well as during competition, contributing in simultaneous development of skills.
Results of the present study show that SP players in whole (mainly males), achieved higher scores in most physical tests compared to NSP players. Several studies provide data regarding physical fitness and anthropometric characteristics of young players in various sports, in an effort to identify talents (for a review see Williams & Reilly [17] and Pearson et al. [19] ). Elite 16yrs soccer players achieved a better performance than sub-elite players in sprinting, agility, vertical jumping, aerobic power and body composition, as well as in technical and psychological skills [26, 27] . In field hockey, elite young players performed better than sub-elite in sprinting performance, repeated shuttle sprint performance and 20-m shuttle run test [28] . Endurance, flexibility, speed, and medicine ball throwing, showed a significant correlation with game proficiency in young female volleyball players' performance [29] . Gabbet et al. [30] , suggest that anthropometric and physical fitness characteristics should be included in any testing procedure for young volleyball players, providing objective information on the players' progress during a competition season. Performance capability may be in some cases restricted by an insufficient physical fitness status [30] . These findings suggest that physical fitness measures could aid in the selection of players for team sports. On the other hand, it has been reported that tactics, motivation and technical skills play a far more important role in elite-level team sports than physical and physiological characteristics. Moreover, in older players, the small variability in physical fitness makes the identification of the talented players difficult to be achieved only by anthropometric and physical characteristics [19, 29] . It seems that different tests and abilities should be evaluated in different ages in order to have the more reliable results in talent identification.
CONCLUSION
The present study examined the effectiveness of a battery of motor tests for distinguishing SP from NSP young handball players, and concluded that there is a wide overlap between SP and NSP players. Specific anthropometric and physical characteristics distinguished mainly the male SP players. Stature, arm span, ball velocity, maximal oxygen uptake and running speed seem to be the most important components for selecting a talented young player. These findings suggest that physical and anthropometric characteristics should be included in any selection testing of junior handball players. However, the selection should not be restricted to anthropometry, especially in young ages where maturation is involved. However, the measurement of additional physical characteristics (e.g. agility), in combination with specific handball game tests (e.g. aiming accuracy, passing, dribbling in slalom) should also be included in a selection procedure. The ability to move with the ball, the ability to change directions rapidly, the ability to aim accurately at the goal, the ability to move around a triangle scheme (defence movement) are very important parameters and should be taken into account when testing handball players. The evolution of standard tests that simulate the game's circumstances along with the evaluation of specific physical fitness abilities and anthropometric characteristics are crucial for the future of team handball. The obvious challenge for trainers is to develop a specific skill and physical fitness test in combination with anthropometric characteristics making it possible to accurately measure the wide range of skills and requirements of different playing positions.
